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IN THE DRAWING: 



Please note the enclosed drawing sheet marked as "Annotated Sheet". 
Please enter the enclosed drawing sheet marked as "Replacement Sheet". 
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REMARKS 

This Preliminary Amendment is to clarify portions of the Application, including the 
Specification and Claims, to add a new claim, to add a replacement Abstract of the 
Disclosure, and to amend the Drawing. Also included are a Substitute Specification, a 
marked-up copy of the Substitute Specification showing the changes made and an English- 
translation of the International Application. No new matter has been added. 

The Application is now in condition for allowance, and such is respectfully requested. 

It is respectfully requested that, if necessary to effect a timely response, this paper be 
considered as a Petition for an Extension of Time sufficient to effect a timely response and 
shortages in other fees, be charged, or any overpayment in fees be credited, to the Account of 
Barnes & Thornburg LLP, Deposit Account No. 02-1010 (677/44541). 

Respectfully submitted, 



Richard P. Krinsky 
Reg. No. 47,720 
(202)289-1313 

BARNES & THORNBURG LLP 
Suite 900 

750 17 th Street, N.W. 
Enclosures Washington, DC 20006-4607 

RPK/cu 



95527V1 



Attorney Docket No. 677/44541 

Page 1 0 



MARKED-UP COPY 



OF SUBSTITUTE SPECIFICATION 



WO 2005/005050 



PCT/EP2001/007180 



CENTRIFUGE COMPRISING A SEPARATOR DISC STACK AND SEPARATOR 



[0001] 



[0002] 



[0003] 



[0004] 



[0005] 



[0006] 



BACKGROUND AND SUMMARY 

The inv e ntion present disclosure relates to a centrifuge according to th e pr e ambl e 
of Claim 1 and to a s e parator disc according to the pr e amble of Claim 1 1 having a 
centrifugal drum and to a stack of separator discs. The present disclosure also relates to 
separator discs . 

Separator discs are conventionally made of high-grade steel. Particularly th eAn 
achievable separation effect when separating a product, such as water or oil, into two 
phases deserves to be improved. 

It is known to pretreat the metal surface of the-a_standard material of the separator 
discs, for example, by m e ans of an electrical or manual polishing operation. Although 
these measures counteract a contamination of the separator discs, they do not significantly 
increase the separation effect. 

It is an object of th e invcntion The present disclosure relates to increase increasing 
the separation effect of the-a^centrifuge of the above-mentioned type in a constructively 
simple manner when a product is separated into at least two phases, and to pr e f e rably also 
improve the cleaning action of the separator discs. 

Th e invention achiev e s this task by m e ans of th e obj e ct of Claim 1. Accordingly, 
the separator discs , according to the present disclosure, are, at least in sections, subjected 
to a surface treatment changing the surface energy. 

The inv e ntion present disclosure also creates a separator disc for a centrifuge 
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which, at least in sections, is subjected to a surface treatment changing the surface energy. 

As a result of this measure , the separating performance or the separation effect is 
significantly increased or optimized in a constructively simple manner because, by m e an s 
ef-the surface treatment changing the surface energy, the separating performance or 
separation effect can be adapted precisely to the respective product in that . That is. the 
surface energy of the separator discs is changed in a targeted fashion such that, for 
example, an oil-friendly and a water-unfriendly surface occurs simultaneously. The 
surface treatment also increases the cleaning capacity of the separator discs. 

The separator discs pr e f e rably consist of include a first material which, at least in 

r 

sections, is provided with at least one coating which changes the surface energy in 
comparison to the first material and is made of at least one other material. This measure 
can easily be implemented with r e spect to its bv a method and off e rs th e advantag e s 
indicat e d in Claim l of subjecting separator discs at least in sections to a surface treatment 
changing the surface energy . 

As an alternative or option, it is also advantageous possible for the separator discs 
to consist of include a material into which, at least in sections, another material is diffused, 
which changes the surface energy in comparison to the first materiaU4er . For example, 
this can be done by m e an s of a method similar to surface-treating methods of the 
semiconductor technology, for example, by means of a plasma jet or the like. In an 
alternative manner, this also results in the advantages of Claim 1 changing the surface 
energy . 

Combinations of the two above-mentioned methods are also conceivable. 

The surface treatment ean -may. t herefore, result in chemical and/or physical 
bonding between the surface and the applied or inserted material. 

Also for reasons of a simpler producibility, the separator discs ar e pr e f e rablv may 
be surface-treated at the-ajop and/or bottom side in a completely surface-energy-changing 
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[00014] 
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manneiyfehai. That is, aferfor example, being p rovided with the coating. 

It is also conceivable that different surface treatments afe -mav be carried out for 
the adaptation to the-respective phases of a material or product to be separated in the 
different areas of the separator discs - preferably which separator discs may be made of 
high-grade steel. 

In the case of a centrifuge or separator, each separator disc is pref e rably m ay be 
divided into several function areas or sections in order to achieve an optimization of the 
value phase. In this case, the surface treatments, for example, the coating materials, 
pr e f e rably can be adapted to the surface energy of the light or heavy phases to be 
separated. 

It is also conceivable to carry out different surface treatments above and below the 
- separator discs, or radially inside and outside the separation zone, particularly radially 
inside and outside a rising duct which is often arranged such that the separation zone is 
situated in its center. 



[0001 6] Additional advantag e ous embodim e nts are contained in tho r e maining subclaim s . 



4TK000161 



4Sir000171 



In the foll o wing, th e inv e ntion will be e xplain e d in d e tail with refer e nce to the 



drawing by means of an e mbodiment. Other aspects of the present disclosure will become 
apparent from the following descriptions when considered in conjunction with the 
accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Figure la^-b is a schematic representation of thea method of operation of-a 



separator dise -discs according to the present disclosure, and i nv e ntion and a repres e ntation 
of th e principle of th e inv e ntion in comparison to the separator disc according to tho state 
of th e art on th e an example of a coating on the separator disc. This figures Figure 1 
should-eniy be understood to be strictly an example of a treatment . Instead of being 
generated by means of surface coatings, the ar e as of oth e r a changing of surface energy 
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can also be generated by means of other types of surfac e treatmen t, such as by diffusing 
another material into the material of the separator discs . 

Figure 2 shows a representation of an uncoated portion of a separator disc. 

including a water drop. 

Figure 3 shows a representation of a coated separator disc, according to the present 

disclosure, and including a water drop. 

DETAILED DESCRIPTION 
Figure 1 shows two conical separator discs 1 , 2 of a separator disc stack 3 , which is 



oth e rwis e not shown h e r e , for a separator.' Disc stack 3 may include additional discs 1. 2. 
The separator discs 1 ,2 each have openings 4 which, interacting with one another, form a 
rising duct 5. The separator discs 1, 2 are axially spaced from one another, so that a gap 6 
is formed between them. 

Sueh- An example of a separator disc stack is shown, for example, in German 



Patent Document DE 36 07 526 Al or DE-OS 19 09 996. The separator discs 1, 2 
generally consist of are made of high-grade steel. 

The inv e ntion d isk stack 3 of the present disclosure differs from the stat e of th e 



£2ir000231 



art the disc stack referenced in the above-mentioned references in that the-upper and lower 
( according to as viewed in Figure 1) surfaces 7, 8 of the separator discs 1,2 are provided 
completely or to a significant part, that is , preferably on more than 50% of their surface, 
with a coating 9, 10 which changes the surface energy relative to a metal disc. This 
coating 9, 1 0 may, for example, have a ceramic construction and/or may be constructed on 
a Teflon base and/or may be constructed as a lacquer a JIGlfor example, itmay be silicious, 
silicon lacquer, or the like£[)U and r. The coating 9, 10, depending on the usage, may be 
applied to the top and/or bottom side of the separator discs, speci fically there again L 2, 
either completely or in sections. 

As a result of the coating 9, 10 of the separator discs 1, 2, their surface can be 



Attorney Docket No. 677/44541 

Page 14 



further developed, for example, to be unfriendly with respect to water but friendly with 
respect to oil. 

When a dispersion flows into the separator disc gap 6, the dispersion separates into 

the-two phase o f phases, that is, "water" on the left of the-center M of the rising duct 5 and 
"oil" on the right of the center M of the rising duct 5 , as shown in Figure 1 . The water stiW 
contain s includes a small residual fraction of "oil" in the form of drops which is -are to be 
removed in the separator disc stack 3. The drops of oil adhere better on the oil-friendly 
separator disc surface on contact than the other phase and coalesce with other drops and 
form an oil film. As a result of the^centrifugal force, some oil moves to the side of the 
light or lighter phase (oil). 

During the separation in the separator disc gap 6, oil drops are formed on the water 

side and water drops are formed on the oil side. Thus, different demands are made on the 
surfac e surfaces of the discs 1, 2 . The water side should be oil-friendly so that the residual 
oil drops coalesce better on the surface, while the oil side should have precisely the 
opposite characteristics. It can be derived therefrom that the separator discs 1 , 2 can be 
divided into several function surfaces or krte~sections with different coatings (here, 9 and 
j-Q ^ shown in Figure 1 as coatings 9, 10 . 

The coating coatings 9, 10 is th e refor e pr e f e rably are divided in different areasf 

that . That is, in the area of the lighter phase, the coating is adapted to the fette r lighter 
phase , so that mainly this lighter phase adheres to the separator discs 1, 2 . while . 
However , in the area of the heavy phase, it is adapted to the heavy phase so that hefe-this 
heavy p hase adheres more to the separator discs 1, 2. 

In thio caso, it lt not only becomes possible to adapt the coating 9, 10 or the surface 

energy of the coating 9, 10 of the separator discs 1 , 2 in the different areas to the different 
phases to be separated from one another, but it also becomes possible to adapt the surface 
energy to the centrifugal material to be processed , so that . That is, the coating selected, 
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for example, for the separation of an water/oil mixture should differ from the one selected 
for separating other liquids. 

£74r000281 The advantag e s are th e thereby result is an achievable reduction of wear as well as 

lower friction values and an increase of the resistance to corrosion. 

jggj[00029] An experiment has shown that a bilge water separation into oil and water—, as 

carried out onboard a ship—, can achieve a clear increase of performance. 

^2941000301 In the l e ft hand drawing. Figure +b-2_shows the-a_flattened shape of a wkte^water 

drop 12 on an uncoated separator disc , and th e right hand drawing 14. Figure 3 shows a 
corr es ponding water drop 16 on a corr e spondingly c oated separator disc 18. which water 
drop 1 6 is narrow e r and cl e arly not as wide as the water drop 12 in Figure 2. Water drop 
16 is higher but has the same volume, which is promoted by th e correspondingly a selected 
coating of the separator disc 18. The following should be is noted here-concerning the 
theory of coatings. In addition to the-surface structure, the surface energy is a criterion for 

"1 

adhesions. The treatment of the-separator discs by polishing changes the surface energy 

only slightly but does not generate a so-called non-stick layer. A reduction of adhesions * 

can be explained by the-an implemented change of the structure. The surface energy of 1 

the separator discs 1, 2 is situated in an area of an adhesive layer and is water-friendly 

(separator; for e xampl e , wat e r/oil) . 

|3O^[0g031J The phenomenon of the free interfacial energy can be explained 

thermodynamically. For a given system, the proportional action factor between its energy 

and its interface is the so-called interfacial tension or, more precisely, the "free interfacial * 

energy". In order to enlarge the interface of a system, work must be carried out. The free 

surface energy is additively composed of the dispersive and non-dispersive (polar) 

energies or interactions. 

t344r000321 a = a p + a D 

[[Vn= non-dispersive (polar fractions of interfacial energy) 
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dipole - dipole interaction 

hydrogen bonding 

Lewis acid / base interaction 

charge - transfer interaction 

g° JJVQff dispersive fraction of interfacial energy 

Van der Waals interaction 

Each atom or molecule has dispersive forces which are generated because of the 



local and temporary fluctuation of the electron sheath density. The non-dispersive (polar) 
forces are a plus which, because of special (for example, functional) groups, contributes to 
the total interaction. 

If the-atreated solid is to be brought in contact with a liquid, which occurs during 



lacquering, gluing, cleaning, wetting of a liquid on a surface, etc., the surface energy of the 
solid in the case of a given liquid is the wanted value for determining the surface energy. 
Thus, according to the invention present disclosure , it is also advantageous in the area of 
the separator discs 1 , 2 for a liquid to exactly match the corresponding parameters of the 
solid with respect to its surface tension, because, in the event that the energy of the solid is 
too low, the surface parts are wetted less. 

In most cases, the adhesion can be explained directly by means of the surface 



[00036] 



energies of the two adhesion partners. For this purpose, it is especially necessary to know 
the polar fraction. A simple criterion for an optimal adhesion is a complete compatibility 
from an energetic point of view as well as the presence of a polar fraction, which is as 
large as possible, on both sides. It follows that the total surface energies —, that is, the 
dispersive as well as particularly also the polar fractions of the two phases — ^should be 
identical in order to achieve a complete wetting of the oil. For a non-stickiness, a surface 
energy which is as low as possible is required, together with a small polar fraction. 
Although the present disclosure has been described and illustrated in detail., it is to 
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be clearly understood that this is done by way of illustration and example only and is not 
to be taken by way of limitation. The scope of the present disclosure is to be limited only 
by the terms of the appended claims. 
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Reference Numb e rs 



&fse 1- 

4i$e 2 

stack of discs 3- 

openings 4 

rising duct §■ 

gap 6 

surfaces 7-S 

coating *M-0 
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